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(54) Electrosurgical forceps with slow closure sealing plates and method of sealing tissue 



(57) An Electrosurgical bipolar forceps for sealing tis- 
sue is disclosed which includes at least one shaft member 
having a jaw member disposed at a distal end thereof. 
The jaw members are movable from a first position in 
spaced relation relative to one another to at (east one 
subsequent position wherein the jaw members cooper- 
ate to grasp tissue therebetween. Each of the jaw mem- 
bers including a sealing plate which communicates elec- 
trosurgical energy through tissue held therebetween. At 
least one of the sealing plates includes one or more ad- 
justable stop members coupled to one or more control- 
lers. The adjustable stop member(s) are adapted for sep- 
arating the sealing plates by a predetermined gap dis- 
tance and the controllers) adapted for adjusting the ad- 
justable stop members) to close the sealing plates at a 
predetermined rate. 
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Description 
BACKGROUND 

[0001] The present disclosure relates to an electrosur- 
gical instrument and method for performing electrosur- 
gical procedures. More particularly, the present disclo- 
sure relates to an open or endoscopic bipolar electrosur- 
gical forceps including opposing jaw members which are 
configured to slowly close about tissue and a method of 
using the forceps to perform so-called "slow close" tissue 
sealing procedures, i.e., the sealing plates are designed 
to close at a specified rate and pressure to create a tissue 
seal of highest integrity. 

Technical Field 

[0002] A forceps is a pliers-like instrument which relies 
on mechanical action between its jaws to grasp, clamp 
and constrict vessels or. tissue. So-called "open forceps" 
are commonly used in open surgical procedures whereas 
"endoscopic forceps" or "laparoscopic forceps" are, as 
the name implies, are used for less invasive endoscopic 
surgical procedures. Electrosurgical forceps (open or en- 
doscopic) utilize mechanical clamping action and elec- 
trical energy to effect hemostasis on the clamped tissue. 
The forceps include electrosurgical sealing plates which 
apply the electrosurgical energy to the clamped tissue. 
By controlling the intensity, frequency and duration of the 
electrosurgical energy applied through the sealing plates 
to the tissue, the surgeon can coagulate, cauterize and/or 
seal tissue. 

[0003] Tissue or vessel sealing is a process of lique- 
fying the collagen, elastin and ground substances in the 
tissue so that they reform into a fused mass with signif- 
icantly-reduced demarcation between the opposing tis- 
sue structures. Cauterization involves the use of heat to 
destroy tissue and coagulation is a process of desiccating 
tissue wherein the tissue cells are ruptured and dried. 
[0004] Since tissue sealing procedures involve more 
than simply cauterizing tissue, to create an effective seal 
the procedures involve precise control of a variety of fac- 
tors. In order to affect a proper seal in vessels or tissue, 
it has been determined that two predominant mechanical 
parameters must be accurately controlled: the pressure 
applied to the tissue; and the gap distance between the 
electrodes (i.e., distance between opposing jaw mem- 
bers when closed about tissue). 
[0005] Numerous electrosurgical instruments have 
been proposed in the past for various open and endo- 
scopic surgical procedures. However, most of these in- 
struments cauterize or coagulate tissue and are not de- 
signed to create an effective or a uniform seal. 
[0006] In addition, many of the instruments of the past 
include blade members or shearing members which sim- 
ply cut tissue in a mechanical and/or electromechanical 
manner and are relatively ineffective for vessel or tissue 
sealing purposes. Other instruments generally rely on 



clamping pressure alone to procure proper sealing thick- 
ness and are often not designed to take into account gap 
tolerances and/or parallelism and flatness requirements 
which are parameters which, if property controlled, can 
5 assure a consistent and effective tissue seal. Thus, a 
need exists to develop an electrosurgical instrument 
which effectively and consistently seals tissue. 

SUMMARY 

10 

[0007] The present disclosure relates to a vessel or 
tissue sealing instrument which is designed to manipu- 
late, grasp and seal tissue utilizing jaw members which 
are configured to close about tissue at a predetermined, 

is automatically determined or manually-induced closure 
rate which is contemplated to produce a highly effective 
tissue seal. Closure rate is particularly important and use- 
ful since it has been determined to affect the amount of 
collagen that is liquefied during the tissue sealing proc- 

20 ess, which has been determined to be directly related to 
the quality of the tissue seal. Thus, the present disclosure 
relates to various mechanical, electro-mechanical and 
electrical systems and methods which control the jaw 
members such that the electrically conductive sealing 

25 plates close at a predetermined rate to retain as much 
collagen as possible at the sealing site during sealing. 
More simply put, if the rate of closure is too fast, collagen 
may be pushed out of the sealing site, resulting in a weak- 
er overall seal, if the closure rate is too slow, then the 

30 tissue being sealed may shrink and loose sufficient con- 
tact with the electrosurgical forceps, also possibly result- 
ing in a weaker seal. 

[0008] One embodiment according to the present dis- 
closure relates to electrosurgical bipolar forceps forseal- 

35 ing tissue which includes one or more shaft members 
with an end effector assembly disposed at a distal end 
of the shaft(s). The end effector assembly includes jaw 
members which are movable from an open position to a 
closed position and, when closed, the jaw members co- 

*o operate to grasp tissue. In addition, each of the jaw mem- 
bers includes a sealing plate for transferring electrosur- 
gical energy through tissue grasped by the jaw members. 
The sealing plates include one or more adjustable stop 
members which separate the sealing plates by a prede- 

45 termined gap distance. The adjustable stop members are 
also connected to one or more controllers which adjust 
the adjustable stop member(s) to close the sealing plates 
at a predetermined rate. 

[0009] The present disclosure also relates to a method 
50 for sealing tissue and includes the initial step of providing 
an electrosurgical bipolar forceps which includes one or 
more shaft members with an end effector assembly dis- 
posed at a distal end of the shaft(s). The end effector 
assembly includes jaw members which are movable from 
55 an open position to a closed position and, when closed, 
the jaw members cooperate to grasp tissue. In addition, 
each of the jaw members includes a sealing plate for 
transferring electrosurgical energy through tissue 
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grasped by the jaw members. The sealing plates include 
one or more adjustable stop members which separate 
the sealing plates by a predetermined gap distance. The 
adjustable stop members are also connected to one or 
more controllers which adjust the adjustable stop mem- 
bers) to close the sealing plates at a predetermined rate. 
Other steps include extending the adjustable stop mem- 
bers) to adjust the gap distance based on one or more 
pre-surgical parameters and actuating the jaw members 
to grasp tissue between the seating plates. The final step 
includes retracting the adjustable stop member(s) at the 
predetermined rate based upon one or more parameters 
to close the sealing plates around the tissue while simul- 
taneously conducting energy to the sealing plates 
through the tissue to effect a tissue seal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Various embodiments of the present disclosure 
are described herein with reference to the drawings 
wherein: 

Fig. 1 A is a perspective view of an endoscopic bipolar 
forceps which is configured to close at a predeter- 
mined rate according to the present disclosure; 

Fig. 1 B is a side, partial internal view of an endo- 
scopic forceps showing a selectively adjustable stop 
member assembly according to the present disclo- 
sure; 

Fig. 1 C is an enlarged view of the area of detail of 
Fig. 1 B; 

Fig. 2 is a side, partial internal view of an end effector 
assembly shown in closed configuration; 

Fig. 3 is a rear, perspective view of the end effector 
of Fig. 2 shown with tissue grasped therein; 

Fig. 4 is an enlarged, perspective view of an electri- 
cally conductive sealing plate of the end effector as- 
sembly showing a series of selectively adjustable 
stop members disposed thereon; 

Fig. 5 shows a flow chart showing a sealing method 
using the endoscopic bipolar forceps of Figs. 1A-4; 

Fig. 6 shows a graph illustrating the changes occur- 
ring to collagen during sealing utilizing the method 
shown in Fig. 5; 

Fig. 7 is a side, partial internal view of an end effector 
assembly including a slow close spring mechanism 
shown in closed configuration; and 

Fig. 8 is a perspective view of an open bipolar forceps 
which is configured to close at a predetermined rate 



according to the present disclosure. 
DETAILED DESCRIPTION 

5 [0011] Particular embodiments of the present disclo- 
sure will be described hereinbelow with reference to the 
accompanying drawings. In the following description, 
well-known functions or constructions are not described 
in detail to avoid obscuring the present disclosure in un- 

10 necessary detail. 

[0012] Electrosurgical forceps which is configured to 
have sealing plates designed to close at a predetermined 
rate based on automatically-induced or manually-in- 
duced closure is disclosed. A method for controlling or 

15 regulating the sealing plates to close at a selected or 
predetermined closure rate is also discussed and de- 
scribed herein. 

[0013] In one particular useful embodiment, the elec- 
trosurgical forceps includes at least one selectively ad- 

20 justable (automatic or manual) stop member which con- 
trols the distance between the sealing plates. 
[0014] More particularly and with specific reference to 
the figures, Fig. 1 A shows an endoscopic vessel sealing 
bipolar forceps 10. Those skilled in the art will understand 

25 that the invention according to the present disclosure 
may be adapted for use with either an endoscopic instru- 
ment or an open instrument. It should also be appreciated 
that different electrical and mechanical connections and 
other considerations apply to each particular type of in- 

30 strument, however, the novel aspects with respect to the 
sealing plates configured to close at a predetermined, 
automatically configured or manually-induced closure 
rate (hereinafter "slow closure sealing plates") and their 
operating characteristics remain generally consistent 

35 with respect to both the open or endoscopic designs. 
[001 5] The forceps 1 0 is shown by way of example and 
other electrosurgical forceps are also envisioned which 
allow for slow closure sealing plates of the present dis- 
closure. In the drawings and in the description which fol- 

40 lows, the term "proximal", refers to the end of the forceps 
1 0 which is closer to the user, while the term "distal" refers 
to the end of the forceps which is further from the user. 
[001 6] Figs. 1 A - 1 C show the forceps 1 0 which is con- 
figured to support an effector assembly 100. More par- 

45 ticularly, forceps 10 generally includes a housing 20, a 
handle assembly 30, a rotating assembly 80, and a trigger 
assembly 70 which mutually cooperate with the end ef- 
fector assembly 100 to grasp, seal and, if required, divide 
tissue. The forceps 1 0 also includes a shaft 1 2 which has 

50 a distal end 14 which mechanically engages the end ef- 
fector assembly 100 and a proximal end 16 which me- 
chanically engages the housing 20 proximate the rotating 
assembly 80. 

[0017] The forceps 10 also includes a plug (not shown) 
55 which connects the forceps 1 0 to a source of electrosur- 
gical energy, e.g., an electrosurgical generator 500, via 
an electrical cable 310 (See Fig. 2). Handle assembly 30 
includes a fixed handle 50 and a movable handle 40. 
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Handle 40 moves relative to the fixed handle 50 to actuate 
the end effector assembly 1 00 and enable a user to grasp 
and manipulate tissue 400 as shown in Fig. 3. 
[0018] The end effector assembly 100 includes a pair 
of opposing jaw members 110 and 120 each having an 
electrically conductive sealing plate 112 and 1 22, respec- 
tively, attached thereto for conducting electrosurgical en- 
ergy through tissue 400 held therebetween. More partic- 
ularly, the jaw members 110 and 120 move in response 
to movement of the handle 40 from an open position to 
a closed position. In open position the sealing plates 112 
and 122 are disposed in spaced relation relative to one 
another. In a clamping or closed position the sealing 
plates 112 and 122 cooperate to grasp tissue and apply 
electrosurgical energy thereto. 
[0019] The jaw members 110 and 120 are activated 
using a drive assembly (not shown) enclosed within the 
housing 20. The drive assembly cooperates with the 
movable handle 40 to impart movement of the jaw mem- 
bers 110and 120 from the open position to the clamping 
or closed position. Examples of a handle assemblies are 
shown and described in commonly-owned U.S. Applica- 
tion Serial No. 10/389,894 entitled "VESSEL SEALER 
AND DIVIDER AND METHOD MANUFACTURING 
SAME" and commonly owned U.S. Application Serial No. 
10/460,926 entitled 'VESSEL SEALER AND DIVIDER 
FOR USE WITH SMALL TROCARS AND CANNULAS" 
which are both hereby incorporated by reference herein 
in their entirety. 

[0020] in addition, the handle assembly 30 of this par- 
ticular disclosure includes a four-bar mechanical linkage 
which provides a unique mechanical advantage when 
sealing tissue between the jaw members 110 and 120. 
For example, once the desired position for the sealing 
site is determined and the jaw members 1 1 0 and 1 20 are 
properly positioned, handle 40 may be compressed fully 
to lock the electrically conductive sealing plates 112 and 
122 in a closed position against the tissue. The details 
relating to the inter-cooperative relationships of the inner- 
working components of forceps 10 are disclosed in the 
above-cited commonly-owned U.S. Patent Application 
No. 1 0/369,894. Another example of an endoscopic han- 
dle assembly which discloses an off-axis, lever-like han- 
dle assembly, is disclosed in the above-cited U.S. Patent 
Application Serial No. 10/460,926. 
[0021] As shown in Figs. 1A-1C, the forceps 10 also 
includes a trigger 70 which advances a knife 200 dis- 
posed within the end effector assembly 100. Once a tis- 
sue seal is formed, the user activates the trigger 70 to 
separate the tissue 400 along the tissue seal. Knife 200 
preferably includes a sharpened edge 205 for severing 
the tissue 400 held between the jaw members 110 and 
120 at the tissue sealing site. Fig. 4 shows a longitudi- 
nally-oriented channel 210 defined in an electrically con- 
ductive sealing plate 112 extending from the proximal • 
end to the distal end thereof. The channel 210 facilitates 
longitudinal reciprocation of the knife 200 along a pre- 
ferred cutting plane to effectively and accurately separate 



the tissue 400 along a formed tissue seal. 
[0022] The forceps 1 0 also includes a rotating assem- 
bly 80 mechanically associated with the shaft 12 and the 
drive assembly (not shown). Movement of the rotating 

5 assembly 80 imparts similar rotational movement to the 
shaft 12 which, in turn, rotates the end effector assembly 
1 00. Various features along with various electrical con- 
figurations for the transference of electrosurgical energy 
through the handle assembly 20 and the rotating assem- 

10 bly 80 are described in more detail in the above-men- 
tioned commonly-owned U.S. Patent Application Nos. 
10/369,894 and 10/460,926. 

[0023] As best seen with respect to Figs. 1A - 2, the 
end effector assembly 100 attaches to the distal end 14 

15 of shaft 12. The jaw members 110 and 120 are preferably 
pivotable about a pivot 160 from the open to closed po- 
sitions upon relative reciprocation, i.e., longitudinal 
movement, of the drive assembly (not shown). Again, 
mechanical and cooperative relationships with respect 

20 to the various moving elements of the end effector as- 
sembly 100 are further described by example with re- 
spect to the above-mentioned commonly-owned U.S. 
Patent Application Nos. 10/369,894 and 10/460,926. 
[0024] It is envisioned that the forceps 1 0 may be de- 

25 signed such that it is fully or partially disposable depend- 
ing upon a particular purpose or to achieve a particular 
result. For example, end effector assembly 100 may be 
selectively and releasably engageable with the distal end 
14 of the shaft 12 and/or the proximal end 16 of the shaft 

30 12 may be selectively and releasably engageable with 
the housing 20 and handle assembly 30. In either of these 
two instances, the forceps 10 may be either partially dis- 
posable or reposable, such as where a new or different 
end effector assembly 100 or end effector assembly 100 

35 and shaft 12 are used to selectively replace the old end 
effector assembly 100 as needed. 
[0025] Since the forceps 10 applies energy through 
electrodes, each of the jaw members 110 and 120 in- 
cludes an electrically conductive sealing plate 112 and 

4 0 122, respectively, disposed on an inner-facing surface 
thereof. Thus, once the jaw members 110 and 120 are 
fully compressed about the tissue 400, the forceps 10 is 
now ready for selective application of electrosurgical en- 
ergy as shown in Fig. 3. At that point, the electrically 

45 conductive plates 112 and 122 cooperate to seal tissue 
400 held therebetween upon the application of electro- 
surgical energy. Jaw members 1 10 and 120 also include 
insulators 116 and 126 which together with the outer, 
non-conductive plates of the jaw members 110 and 120 

50 are configured to limit and/or reduce many of the known 
undesirable effects related to tissue sealing, e.g., 
flashover, thermal spread and stray current dissipation 
as shown in Fig. 1C. 

[0026] Of particular importance to this disclosure is the 
55 slow close system which allows the gap "G" disposed 
between the sealing plates when the jaw members are 
disposed in a closed position to close at a predetermined 
rate. This has been determined to enhance tissue sealing 
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especially when sealing larger tissue structures (e.g., 
lung, liver, bronchus, bowels, etc.). A slow close activa- 
tion surgical technique involves activating the surgical 
instrument and thereafter slowly closing the sealing 
plates 112 and 122 of the jaw members to grasp and 
apply pressure to the tissue to affect sealing. As can be 
appreciated, this type of procedure is very difficult to mas- 
ter manually due to the many variables involved with the 
sealing process and, as a result, the instrument may short 
or the seating cycle may complete prior to obtaining the 
fully closed ratcheted position. Hence, it is preferred that 
the procedure is automated using a series of sensors 
and controllers. It is envisioned that an automatic stop 
member adjustment system (described below) is one 
way to achieve slow close activation and provide more 
effective sealing of large tissue structures. The closure 
rate may be adjusted during activation based upon a con- 
tinually-sensed surgical condition (e.g., tissue imped- 
ance, tissue type, tissue clarity, tissue compliance, etc.) 
utilizing a feed back control loop or control source 300, 
and a sensor assembly 170a and 170b and a mechani- 
cally retractable/extendable stop member assembly 140. 
[0027] With respect to this particular embodiment, it is 
known that sealing of the tissue 400 is accomplished by 
virtue of a unique combination of gap control, pressure 
and electrical control. In other words, controlling the in- 
tensity, frequency and duration of the electrosurgical en- 
ergy applied to the tissue through the sealing plate 1 12 
and 122 are important electrical considerations for seal- 
ing tissue. In addition, two mechanical factors play an 
important role in determining the resulting thickness of 
the sealed tissue and the effectiveness of the seal, i.e., 
the pressure applied between the opposing jaw members 
1 1 0 and 1 20 (between about 3 kg/cm 2 to about 1 6kg/cm 2 ) 
and the gap distance M G" between the opposing sealing 
plates 112 and 122 of the jaw members 110 and 120, 
respectively, during the sealing process (between about 
0.001 inches or higher denoting upon the size of the tis- 
sue). A third mechanical factor has recently been discov- 
ered which contributes to the quality and consistency of 
a tissue seal, namely the closure rate of the electrically 
conductive surfaces or sealing plates during activation. 
[0028] More particularly, controlling the gap distance 
"G" between opposing sealing surfaces 112 and 122 di- 
rectly relates to the closure rate i.e., the closure rate is 
defined as the rate of change of the gap distance M G." 
Therefore, adjusting the gap distance "G" allows the user 
to adjust the closure rate. As discussed in more detail 
below, the forceps 1 0 according to the present disclosure 
controls the gap distance "G" using one technique which 
allows a user to selectively adjust (i.e., manually, auto- 
matically based on sensed surgical conditions or prede- 
termined parameters) the retraction or extension of at 
least one stop member 1 50 relative to the surface of the 
sealing plate, e.g., 1 12. As a result thereof, adjusting stop 
member 150 controls the closure rate which, in turn, al- 
lows a surgeon to implement a slow close surgical pro- 
cedure using forceps 10. 



[0029] More specifically, the rate of closure of the seal- 
ing plates 112 and 122 to grasp and/or apply pressure 
to tissue is regulated by adjusting the gap distance "G" 
during the surgical procedure. In one particular instance, 
5 the stop members 1 50 are connected to a controller 1 55 
which together comprise a selectively adjustable stop 
member control unit 145. Each of the stop member con- 
trol units 145 is connected to the stop member assembly 
140 which regulates the gap distance "G" by extending 
10 or retracting a plurality of stop members 150 based on 
the control signals received from the control source 300 
and the feedback signals transmitted by a sensor assem- 
bly 170a and 170b. The controller 155 electrically, me- 
chanically or electro-mechanically adjusts the distance 
*5 the stop members 1 50 project by retracting or extending 
the stop members 150 from the Sealing plate 1 12. As a 
result, the gap distance "G" is adjusted by changing the 
distance that the stop members 1 50 project from the seal- 
ing plate 112. The controller 155 is adapted to receive 
signals from a control source 300 shown in Fig. 2 which 
may be attached to an electrosurgical generator 500 or 
incorporated into the housing of the forceps 10. 
[0030] As discussed above, the stop member 1 50 lim- 
its the movement of the two opposing jaw members 110 
and 120 (and sealing plates 1 12 and 122) relative to one 
another by acting as a barrier between the two surfaces. 
It is envisioned that the stop members 150 may be dis- 
posed on one or both of the seating plates 112 and 122 
depending upon a particular purpose or to achieve a par- 
ticular result. Preferably, the stop members 1 50 extend 
from at least one of the sealing plates 1 12, 1 22 a prede- 
termined distance according to the specific material prop- 
erties of the stop member 150 (e.g., compressive 
strength, thermal expansion, etc.) to yield a consistent 
and accurate gap distance "G" during sealing. 
[0031] In order for the stop members 150 to prevent 
the sealing plates 1 12, 122 from coming in contact with 
each other, preferably, the stop members 1 50 are made 
from an insulat'rve material, e.g., parylene, nylon and/or 
ceramic and are dimensioned to limit opposing move- 
ment of the sealing plates 112 and 122 to within the above 
mentioned gap range M G M . However, the compressive 
strength of the material used in manufacturing the stop 
member 150 should be considered during activation 
since one material may have to be adjusted differently 
from another material to achieve the same gap distance 
"G". For example, the compressive strength of nylon is 
different from ceramic and, therefore, the nylon material 
may have to extend a greater distance from the sealing 
plate 1 12 to counteract the closing force of the opposing 
jaw members 1 10 and 120 and to achieve the same de- 
sired gap distance "G". As can be appreciated, these 
considerations may be automatically regulated or con- 
trolled at the control source 300 via a computer algorithm 
55 or look up table as discussed in more detail below. 
[0032] Moreover, it is contemplated that any combina- 
tion of different stop members 150 may be assembled 
along the sealing plates 112 (and/or 122) to achieve a 
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desired gap distance "G". A ceramic or insulative coating 
may be deposited or sprayed onto the tissue engaging 
plate of the stop member(s) 150. Thermal spraying tech- 
niques are contemplated which involve depositing a 
broad range of heat-resistant and insulative materials on 
the tissue engaging plates of the stop members 150, high 
velocity Oxy-fuel deposition, plasma deposition, etc. Ex- 
amples of stop members 150, control units 145, and stop 
member assemblies 140 are shown and described in a 
commonly-owned U.S. Patent Application Serial No. 
10/846,262 entitled 'TISSUE SEALER WITH NON- 
CONDUCTIVE VARIABLE STOP MEMBERS AND 
METHOD OF SEALING TISSUE" which is hereby incor- 
porated by reference herein in its entirety. 
[0033] Fig. 4 shows one exemplary configuration of 
the stop members 150 disposed on or protruding from 
the sealing plate 1 12. It is envisioned that the stop mem- 
bers 1 50 can be positioned on either or both jaw members 
110 and 120 depending upon a particular purpose or to 
achieve a desired result. More particularly and as illus- 
trated in Fig. 4, a series of longitudinally-oriented tab-like 
stop members 150 are disposed along either side of the 
knife channel 210 of jaw member 110. Preferably, the 
stop members 150 may be configured in any known ge- 
ometric or polynomial configuration, e.g., triangular, rec- 
tilinear, circular, ovoid, scalloped, etc., depending upon 
a particular purpose. 

[0034] As shown in Figs. 1 B and 1 C, the selectively 
adjustable stop member assembly 140 is located within 
at least one of the jaw members 1 10 or 120. More par- 
ticularly, at least one of the jaw members, e.g., jaw mem- 
ber 110, includes a cavity 130 disposed therein which is 
dimensioned to house the stop member assembly 140. 
The stop member assembly 140 adjusts the distance that 
each stop member 150 extends from the sealing plate 
112 using the controller 155, which cooperate with the 
stop member 150 in a plurality of ways. For example, 
each stop member 150 and its corresponding controller 
1 55 may be threadably connected such that the controller 
155 "unscrews" the stop member 150 to adjust the dis- 
tance that the stop member 1 50 extends from the sealing 
plate 1 1 2. Other mechanical systems are also envisioned 
to allow selective regulation of the gap distance "G" (e.g., 
gearing mechanisms, camming mechanisms, pneumatic 
mechanisms, hydraulic mechanisms, etc.). Electrome- 
chanical systems are also contemplated (e.g., electro- 
mechanical actuators, ferroelectric actuators, piezo- 
electric actuators, piezo-ceramic actuators, magneto- 
strictors, thermomechanical systems [e.g., smart mate- 
rials, shape memory alloys, etc.], and rotational actua- 
tors, etc.). 

[0035] One version presently envisioned is a slow 
close activation system which is intended to include the 
sealing plates 112, 122, stop member(s) 150 and elec- 
trical generator 500 will now be discussed. This system 
involves the stop member assembly 1 40 being controlled 
automatically by the control source 300 based on the 
feedback received from the sensors 170a and 170b. The 



sensors 170a and 170b form a part of a closed-loop con- 
trol system which automatically adjusts the forceps 10 
prior to and/or during activation based on pre-surgical 
parameters and continually-sensed parameters. The 

5 sensors 170a and 170b are connected to the control 
source 300 (or electrosurgical generator) via cables 171 
a and 171 b, respectively. One example of a closed-loop 
control system is described in commonly- owned U.S. 
Patent Application Serial No. 10/427,832 filed on May 1, 

10 2003 entitled "METHOD AND SYSTEM FOR CON- 
TROLLING OUTPUT OF RF MEDICAL GENERATOR" 
the entire contents of which are hereby incorporated by 
reference herein. 

[0036] In the slow-close activation system, the stop 
15 member(s) 1 50 are adjusted during activation based up- 
on a continually-sensed surgical condition (e.g., tissue 
impedance, tissue type, tissue clarity, tissue compliance, 
etc.) utilizing a feed back control loop. It is envisioned 
that this may allow the control system to regulate the rate 
of closure of the sealing plates 112 and 122 upon tissue. 
Initially, the surgeon grasps the tissue in a customary 
manner and fully ratchets the forceps about the tissue 
within the preferred pressure ranges so that the stop 
member(s) 150 are extended out of the jaw members 
1 1 0 (and/or 120) to achieve the desired gap distance "G". 
[0037] The preferred gap distance "G" may be selected 
from a look-up table during manual adjustment or deter- 
mined by a computer algorithm stored within the control 
source 300 during automatic adjustment. For example, 
a relatively small gap distance "G" would be used in seal- 
ing a plurality of small blood vessels, while a larger gap 
distance "G" is preferable when sealing thicker tissue, 
such as an organ. The gap distance "G" between oppos- 
ing sealing plates 112 and 122 during sealing preferably 
ranges from about 0.001 inches to about 0.008 inches. 
For smaller tissue types the gap distance is preferably 
between about 0.002 inches to about 0.003 inches and 
for larger tissue types the gap distance is preferably be- 
tween about 0.004 inches to about 0.007 inches. 
[0038] Once the tissue 400 is grasped between the 
jaw members 1 1 0 and 1 20 the slow closure process com- 
mences which involves retraction of the stop members 
1 50. As the stop members 150 are retracted into the jaw 
members 1 1 0 and/or 1 20 the gap distance "G" decreases 
and a seal results. Therefore, the rate of closure of the 
sealing plates 112 and 122 is directly related to the 
changes in the gap distance "G" which, in turn, depends 
on the rate of retraction of the stop member(s) 150 into 
the jaw member(s) 110 and/or 120. Hence, regulation of 
the retraction rate of the stop member(s) 1 50 directly reg- 
ulates the rate of closure of the sealing plates 112 and 
122. 

[0039] The stop members 150 are retracted at a pre- 
determined rate which may be adjusted manually by the 
surgeon (e.g., adjusting a control knob 350 shown in Fig. 
2) or preferably automatically, by the control source 300 
based on the feedback signals (e.g., based upon tissue 
thickness, tissue temperature, tissue impedance, tissue 
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moisture, tissue clarity, tissue compliance during activa- 
tion, etc.) sent by the sensors 170a and 170b. For in- 
stance, the stop members 150 can be programmed to 
activate in a slow close manner by automatically adjust- 
ing from a large gap distance e.g., about 0.10 inches or 
larger to within a preferred gap range of about 0.00 1 inch- 
es to about 0.008 inches during activation. As can be 
appreciated, this enables any surgeon to perform a slow 
close technique for sealing large tissue structures. 
[0040] It is also envisioned that the slow close tech- 
nique may be accomplished utilizing a fixed stop member 
configuration and spring-like sealing plates. As can be 
appreciated, in this instance, the stop members are con- 
figured to project or extend a fixed distance from the seal- 
ing plate or plates 112 to prevent the sealing pates fro 
touching one another and shorting. The sealing plate, 
e.g., 112 (or sealing plates 112 and 122) is configured 
to include one or more springs 149a, 149b (or a spring 
assembly) which mount between the sealing plates 112 
and 126 and the jaw housing 1 16 and 126, respectively. 
It is contemplated that the springs 149 allow the sealing 
plates 112 and 122 to slowly flex to accommodate the 
pressure applied to the tissue until a specified closure 
pressure is obtained (preferably within the above-identi- 
fied working range of about 3kg/cm2 to about 1 6 kg/cm2). 
As can be appreciated, the spring rates can be predeter- 
mined for optimal tissue effect based upon tissue type or 
tissue thickness. In addition, mechanical features may 
be included which allow the spring tension rates to be 
adjusted according to sensory feedback information from 
the generator via sensors 1 70a and 1 70b or manual input 
from the surgeon. 

[0041] It is envisioned that any type of spring 149a, 
149b may be utilized to accomplish this purpose or, al- 
ternatively, a layer of visco-elasticorelastomericorsmart 
material may be disposed between the sealing plates 
and the jaw housing to provide a specified spring rate. 
In this instance, gamma radiation sterilization techniques 
would obviously compromise the visco-elastic or elasto- 
meric material and, as such, other sterilization tech- 
niques are envisioned that would maintain the integrity 
of the visco-elastic or elastomeric material, e.g., ethylene 
oxide sterilization. 

[0042] The sealing method according to the present 
disclosure is shown in Fig. 5. In addition, Fig. 6 shows a 
graph illustrating the changes that are contemplated to 
occur to collagen when it is subjected to sealing using 
the method of Fig. 5. Line G(t) represents the gap dis- 
tance "G" as it changes over time, line P(t) represents 
the pressure applied to the tissue being sealed overtime, 
and line 2(t) represents the eiectrosurgical energy ap- 
plied during a specified time period. 
[0043] In step 500, the forceps 10 grasps and begins 
to apply pressure to the tissue 400 using the jaw mem- 
bers 110 and 120. This is shown as Stage I in Fig. 6, 
during which time the sealing plates 112 and 122 are 
activated and are in contact with the tissue 400 but are 
not fully closed. This is represented by the sharp decline 



in the line G(t) during Stage I, which then rapidly levels 
off. When the sealing plates 112 and 122 contact the 
tissue 400 eiectrosurgical energy is applied thereto and 
the collagen contained therein is denatured and becomes 

5 more mobile (i.e., liquefies). Although eiectrosurgical en- 
ergy is being applied, little pressure is applied to create 
a seal, this is shown by a straight horizontal line P(t). 
Simultaneously, the water contained within the tissue 400 
is allowed to escape from the sealing site. As a result, 

10 the peak temperature at which a seal is created is re- 
duced. 

[0044] In step 502, the previously melted collagen is 
mixed in order to allow for its structural components (e.g., 
polymers) to intertwine as shown in Stage II. Mixing can 
15 be achieved by applying eiectrosurgical energy of pre- 
determined frequency and to the sealing site through the 
sealing plates 1 1 2 and 1 22 under a predetermined pres- 
sure. The optimum frequency and amplitude of the waves 
depends on the collagen structures which are being 
20 mixed and may be automatically controlled as specified 
above. This is shown as Stage II, where the line G(t), line 
P(t), and line Z(t) are all generally unchanged, represent- 
ing that the gap distance, the pressure, and the eiectro- 
surgical energy remain generally constant. 
25 [0045] Once the collagen is mixed, ft is further cured 
by applying eiectrosurgical energy and pressure as 
shown in Stage III. During Stage ill the gap distance "G" 
decreases at a predetermined rate (e.g., the rate of clo- 
sure is the slope of the line G(t)), while the pressure (e.g., 
30 line P(t)) and the eiectrosurgical energy (e.g., line Z(t)) 
are increased. The pressure is preferably increased at a 
rate that is slow enough to result in an effective seal but 
not fast enough to force the forming collagen mass out- 
side of the sealing site. As discussed above, one of the 
35 presently envisioned ways the rate at which the gap dis- 
tance "G" and the sealing plates 112 and 122 are closed 
is controlled by the control source 300 through the stop 
member assembly 140, which retracts the plurality of the 
stop members 1 50 through the controllers 155. This rate 
40 at which the stop member assembly 140 decreases the 
distance gap "G" may be determined automatically based 
on the readings of the sensor assembly 170a and 170b. 
[0046] In step 504, the sensors 170a and 170b sense 
a parameter such as tissue type, tissue thickness, tissue 
45 compliance, and/or tissue impedance and transmit that 
information to the control source 300. Based on the a^ 
gorithms and data contained therein, in step 506, the 
control source 300 selects the ideal gap distance "G" for 
the tissue to be sealed as well as the rate at which the 
50 sealing plates 112 and 122 will close. This may also di- 
rectly relate to the ideal rate of closure pressure. These 
calculations are transmitted to the stop member assem- 
bly 140 which, in step 508, extends or protracts the stop 
members 1 50 so that the sealing plates 112 and 1 22 are 
55 separated by the gap distance "G" once the jaw members 
110 and 120 are closed. Once this is accomplished, in 
step 51 0, the sealing plates 1 1 2 and 1 22 close at the rate 
determined by the source controller 300, i.e., the stop 
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member assembly 140 signals the controllers 155 to re- 
tract the stop members 150 at the predetermined rate 
ensuring that the rate is slow enough to retain the colla- 
gen mass at the site resulting in an effective seal. 
[0047] It is envisioned that step 508 may be eliminated s 
in the instance where the stop members 150 or stop 
member assembly 140 is configured to return to a preset 
extended condition relative to the sealing plates 1 12 and 
1 22 each time the jaw members 1 1 0 and 1 20 are opened 
to grasp/manipulate tissue. It is also envisioned that the 10 
stop members may manually or automatically be extend- 
ed or locked for non-slow close sealing such as those 
procedures described in any of the aforementioned com- 
monly owned applications. 

[0048] The apparatus and method according to the is 
present disclosure allow for tissue sealing procedures 
which retain the collagen at the sealing site which is 
known to enhance the consistency, effectiveness, and 
strength of tissue seals. This is accomplished by using 
a slow close activation to initially denature the collagen 20 
and then close the sealing plates under pressure at a 
predetermined rate with limited extrusion of the cured 
and mixed collagen mass from the sealing site which 
contributes to an effective and uniform seal. 
[0049] From the foregoing and with reference to the 25 
various figure drawings, those skilled in the art will ap- 
preciate that certain modifications can also be made to 
the present disclosure without departing from the scope 
of the same. For example and as mentioned above, it is 
contemplated that any of the slow closure techniques, 30 
methods and mechanisms disclosed herein may be em- 
ployed on an open forceps such as the open forceps 700 
disclosed in Fig. 8. The forceps 700 includes an end ef- 
fector assembly 600 which attaches to the distal ends 
516a and 516b of shafts 512a and 512b, respectively. 35 
The end effector assembly 600 includes pair of opposing 
jaw members 61 0 and 620 which are pivotally connected 
about a pivot pin 665 and which are movable relative to 
one another to grasp vessels and/or tissue. A stop mem- 
ber assembly such as the stop member assembly 140 40 
described with respect to Figs. 1-7 and/or a series of 
sensors 170a and 170b may be disposed within the end 
effector 600 to create a slow close option for the surgeon. 
In addition, the generator (not shown) which supplies 
power to the forceps 700 may be configured to automat- 
ically regulate the stop member assembly 140 (or other 
types of slow close mechanisms described above) or the 
surgeon may opt to manually control the closing of the 
seal plates onto the tissue as described above. 
[0050] Each shaft 512a and 512b includes a handle so 
515 and 517, respectively, disposed at the proximal end 
514a and 514b thereof which each define a finger hole 
515a and 517a, respectively, therethrough for receiving 
a finger of the user. Finger holes 515a and 517a facilitate 
movement of the shafts 512a and 512b relative to one ss 
another which, in turn, pivot the jaw members 610 and 
620 from an open position wherein the jaw members 610 
and 620 are disposed in spaced relation relative to one 



another to a clamping or closed position wherein the jaw 
members 610 and 620 cooperate to grasp tissue or ves- 
sels therebetween. Further details relating to one partic- 
ular open forceps are disclosed in commonly-owned U.S. 
Application Serial No. 10/962,1 16 filed October 8, 2004 
entitled "OPEN VESSEL SEALING INSTRUMENT 
WITH CUTTING MECHANISM AND DISTAL LOCK- 
OUT', the entire content of which being incorporated by 
reference herein. 

[0051] In addition, it is also contemplated that the pres- 
ently disclosed forceps may include an electrical cutting 
configuration to separate the tissue either prior to, during 
or after cutting. One such electrical configuration is dis- 
closed in commonly-assigned U.S. Patent Application 
Serial No. 10/932,612 entitled "Vessel Sealing Instru- 
ment With Electrical Cutting Mechanism" the entire con- 
tents of which being incorporated by reference herein. 
[0052] Furthermore, it is envisioned that the forceps 
10 or 700 may be configured to include a manual slow 
close mechanism, rotating wheel or slide which upon 
manual activation thereof retract the stop members rel- 
ative to the sealing plates afterthe handle has been ratch- 
eted and during activation. Moreover, another method 
may allow the surgeon to grasp and close the forceps 
about the tissue (within the specified pressure range) and 
upon activation of the switch (foot switch or hand switch) 
the stop members automatically retract based upon 
sensed surgical conditions or a preset algorithm or by 
preset electro-mechanical action. 
[0053] While several embodiments of the disclosure 
have been shown in the drawings and/or discussed here- 
in, it is not intended that the disclosure be limited thereto, 
as it is intended that the disclosure be as broad in scope 
as the art will allow and that the specification be read 
likewise. Therefore, the above description should not be 
construed as limiting, but merely as exemplifications of 
particular embodiments. Those skilled in the art will en- 
vision other modifications within the scope and spirit of 
the claims appended hereto. , 



Claims 

1. Electrosurgical bipolar forceps for sealing tissue, 
comprising: 

at least one shaft member having an end effector 
assembly disposed at a end thereof, the end ef- 
fector assembly including jaw members mova- 
ble from a first position in spaced relation relative 
to one another to at least one subsequent posi- 
tion wherein the jaw members cooperate to 
grasp tissue therebetween; and 
each of the jaw members including a sealing 
plate which communicates electrosurgical ener- 
gy through tissue held therebetween, at least 
one of the sealing plates including at least one 
adjustable stop member coupled to at least one 
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controller, the at least one adjustable stop mem- 
ber configured to separate the sealing plates by 
a predetermined gap distance and the at least 
one controller configured to adjust the at least 
one adjustable stop member to close the sealing 5 
plates at a predetermined rate. 

The electrosurgical bipolar forceps for sealing tissue 
as in claim 1 , wherein the at least one controller is 
threadably coupled to the at least one adjustable w 
stop member. 

The electrosurgical bipolar forceps for sealing tissue 
as in claim 1 or 2, further comprising: 

15 

a knife channel defined along a length of at least 
one of the jaw members, the knife channel being 
dimensioned to reciprocate a cutting mecha- 
nism therealong; and 

an actuator operatively connected to one of the 20 
shaft members for selectively advances the cut- 
ting mechanism from a first position wherein the 
cutting mechanism is disposed proximal to tis- 
sue held between the jaw members to at least 
one subsequent position wherein the cutting 25 
mechanism is disposed distal to tissue held be- 
tween the jaw members. 

The electrosurgical bipolar forceps as in claim 1 , 2 
or 3, wherein at least one controller which adjusts 30 
the at least one adjustable stop member includes at 
least one of gearing mechanisms, camming mech- 
anisms, pneumatic mechanisms, hydraulic mecha- 
nisms, electro-mechanical actuators, ferroelectric 
actuators, piezo-electric actuators, piezo-ceramic 35 
actuators, magnetostrictors, and rotational actua- 
tors. 



The electrosurgical bipolar forceps for sealing tissue 
according to any one of the preceding claims, and ^ 
further comprising 

a sensor assembly which determines at least one 
pre-surgical tissue parameter and transmitting data 
pertaining to at least one tissue parameter to an elec- 
trosurgical energy source; and *s 
a control source which determines the gap distance 
and the predetermined rate as a function of at least 
one tissue parameter and which transmits control 
signals to the at least one controller. 

50 

The electrosurgical bipolar forceps for sealing tissue 
according to claim 5, wherein the at least one tissue 
parameter is chosen from type, tissue thickness, tis- 
sue compliance and tissue impedance. 
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